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Simulation of Ground-Water Flow in the
Saginaw Aquifer, Clinton, Eaton, and

Ingham Counties, Michigan

By D.J. Holtschlag, C.L. Luukkonen, and J.R. Nicholas

Abstract

A numerical model was developed to
simulate ground-water flow in the Tri-County
region, which consists of Clinton, Eaton, and
Ingham Counties, Michigan. This region includes
a nine-township area surrounding Lansing,
Michigan. The model simulates the regional
response of the Saginaw aquifer to major ground-
water withdrawals associated with public-supply
wells. The Saginaw aquifer, which is in the Grand
River and Saginaw Formations of Pennsylvanian
age, is the primary source of ground water for Tri-
County residents. The Saginaw aquifer is overlain
by glacial deposits, which also are important
ground-water sources in some locations.

Flow in the Saginaw aquifer and the glacial
deposits is simulated by discretizing the flow
system into model cells arranged in two layers.
Each cell, which corresponds to a land area of
0.0625 square mile, represents the locally
averaged properties of the system. The spatial
variation of hydraulic properties controlling
ground-water flow was estimated by geostatistical
analysis of 4,947 well logs. Parameter estimation,
a form of nonlinear regression, was used to
calibrate the flow model.

Results of steady-state ground-water-flow
simulations show close agreement between water
flowing into and out of the model area for 1992
pumping conditions; standard error of the
difference between simulated and measured heads
is 14.7 feet. Simulation results for three alternative
pumping scenarios for the year 2020 show that the

glacial aquifer could be dewatered in places if
hypothetical increases in pumping are not
distributed throughout the Tri-County region.

Contributing areas to public-supply wells in
the nine-township area were delineated by a
particle-tracking analysis. These areas cover about
121 square miles. Contributing areas for particles
having travel times of 40 years or less cover about
42 square miles. Results of tritium sampling
support results of model simulations to delineate
contributing areas.

INTRODUCTION

The Tri-County region, which consists of
Clinton, Eaton, and Ingham Counties, covers 1,697
mi? in the south-central part of the Lower Peninsula of
Michigan (fig. 1). The 432,700 people (U.S.
Department of Commerce, 1991) who live in this
region rely on withdrawals of about 40.8 Mgal/d from
ground-water sources. The primary source of ground
water in the Tri-County region is the Saginaw aquifer,
which is in the Grand River and Saginaw Formations
of Pennsylvanian age. Aquifers in the glacial deposits
and other bedrock units are also important ground-
water sources in some places.

In 1988, the Tri-County Regional Planning
Commission (TCRPC) began a series of studies to
assess the regional water supply and distribution
system. As part of this effort, the U.S. Geological
Survey (USGS) entered into a cooperative agreement
with TCRPC and a coalition of 22 communities who
supported a 4-year study of ground-water flow and
contributing areas of public-supply wells in the Tri-
County region. Participating communities include
Alajedon Township, Bath Township, Delhi Township,

Introduction 1
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Figure 1. The Tri-County region in the Lower Peninsula of Michigan.

Delta Township, Dewitt Township, City of Dewitt, City of
Dimondale, City of East Lansing, City of Grand Ledge, City of
Lansing, Lansing Township, City of Mason, Michigan State
University (MSU), Meridian Township, Oneida Township, Vevay
Township, Watertown Township, Wheatfield Township,
Williamstown Township, City of Williamston, Windsor Township,
and Village of Webberville (fig. 2). In this report, the area
surrounding Lansing, Mich. that is referred to as the nine-township
area consists of Alaiedon, Bath, Delhi, Delta, Dewitt, Lansing,
Meridian, Watertown, and Windsor Townships; this is the principal
area of ground-water withdrawals in the Tri-County region.

Purpose and Scope

This report describes the simulation
of ground-water flow in the Saginaw
aquifer in the Tri-County region. The
conceptual model of the hydrologic
system is based on interpretation of new
and previously available hydrogeologic
data. The numerical model, which was
developed from the conceptual model,
simulates regional steady-state response
of the Saginaw aquifer to major ground-
water withdrawals from public-supply
wells in 1992. Simulation results show
how the model can be used to evaluate
alternative ground-water pumping
scenarios. Particle-tracking analysis was
used with results from flow simulations to
delineate contributing areas of public-
supply wells. Tritium concentrations in
ground-water samples and corresponding
ground-water ages were compared with
delineations of 40-year time-of-travel
contributing areas. The limitations of the
model for assessing ground-water levels
and flow and for delineating contributing
areas of wells are described.

Previous Studies

Previous studies contributed to the
knowledge of the ground-water resources
in the Tri-County region and were helpful
to the authors of this report. Wheeler
(1967) developed an electric analog
model of ground-water flow in the
Saginaw Formation in the Lansing, Mich.
area. Wood (1969) describes the
hydrogeology and geochemistry of
ground water in the Saginaw Formation.
Vanlier and others (1973) describe water-
supply development and management
alternatives in the Tri-County region. And
recently, the Tri-County Regional
Planning Commission (1992) completed
a regional feasibility study on water-
supply development.

2 Simulation of Ground-Water Flow in the Saginaw Aquifer, Clinton, Eaton, and Ingham Counties, Michigan
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Figure 3. Stratigraphic nomenclature and hydrogeologic units, Tri-County region, Michigan.

the glacial deposits in the Tri-County region
ranges from O to 300 ft. Glacial deposits are
absent in a small part of Grand Ledge; the thickest
glacial deposits are in the northwestern part of the
study area. The deposits range in texture from
lacustrine clay or glacial till to coarse alluvial and
outwash deposits. None of these deposits are
regionally continuous (Mandle and Westjohn,
1988, p. 90).

Hydrologic Setting

For the purpose of developing a ground-
water flow model, the hydrologic setting is char-
acterized in terms of precipitation, streamflow
characteristics, aquifers and confining units, and
ground-water levels and flow. These elements of
the hydrologic setting are discussed in the
sections that follow.

Description of Study Area



Precipitation

In the Tri-County region, precipitation is the
ultimate source of ground-water and surface-water
resources. In the region, mean precipitation ranges
from a maximum of about 32 in/yr in the southwest to
about 30 in/yr elsewhere (Eichenlaub and others,
1990, p. 90). Precipitation is fairly evenly distributed
throughout the year; June is the month of highest aver-
age precipitation (3.5 in.), and February is the month
of lowest average precipitation (1.5 in.). The Tri-
County region averages about 40 in/yr of snowfall.
About 10 in/yr of precipitation in the region eventually
becomes streamflow; the remainder is consumed by
way of evaporation or transpiration, seepage to deep
ground-water reservoirs, or other processes.

Streamfiow

Most of the Tri-County region drains to the
north and west into Grand River and its major tributar-
ies which include Maple River, Looking Glass River,
Red Cedar River, and Thornapple River (fig. 4). A
small area in southeastern Ingham County drains to
the east, and a small area in the southwestern part of
Eaton County drains to the south.

Streamflow can be subdivided into direct-runoff
and base-flow components. Direct runoff is associated
with precipitation that exceeds soil infiltration
capacity and flows overland directly into streams.
Base flow is associated with precipitation that infil-
trates the soil and percolates below the plant-rooting
depth into the unsaturated zone below ground. Some
of this percolating water joins deeper zones, which are
permanently saturated. This water then flows to
streams and sustains flow between periods of precipi-
tation. In this report, water in these permanently
saturated zones is referred to as “ground water.”

Base-flow characteristics of streams were
used to help determine the amount of precipitation
that recharges ground water in the Tri-County region.
Information about base flow at fixed locations along
streams is provided by data obtained at continuous-
record and partial-record gaging stations. Continuous-
record stations provide daily mean streamflows for 1
or more years that can be used to develop streamflow
hydrographs. Hydrograph-analysis techniques are

commonly used to estimate the ground-water
contribution to streamflow (Rutledge and Daniel,
1994). In this study, streamflow partitioning (Rut-
ledge, 1993) was used to estimate the ground-water
component by use of data from 10 continuous-record
streamflow-gaging stations (table 1). Data from
partial-record streamflow-gaging stations were used to
supplement information at continuous-record stations.
Instantaneous streamflow measurements were statisti-
cally related to daily mean streamflow at nearby
continuous-record gaging stations by use of a mainte-
nance of variance estimator (Hirsch, 1982, p. 1083).
The estimates of base flow at partial-record stations
are listed in table 2.

Aquifers and Confining Units

Glacial deposits are the uppermost aquifer in the
Tri-County region. Aquifers in the glacial deposits are
composed of coarse alluvial and outwash materials.
Glacial deposits are in direct contact with the underly-
ing Saginaw aquifer. The Saginaw aquifer is in water
bearing sandstones in the Grand River and Saginaw
Formations (fig. 3). Water is assumed to move slower
through the shales and other tight materials than
through the sandstone. The Saginaw aquifer underlies
most of the Tri-County region and ranges in thickness
from O to 300 ft. The Saginaw confining unit separates
the Saginaw aquifer from underlying units. In the Tri-
County region, the thickness of the Saginaw confining
unit generally ranges from 5 to 50 ft, although litho-
logic logs for some wells indicate that the confining
unit may be either locally absent or as much as 100 ft
thick (Westjohn and Weaver, 1996, fig. 7). For the pur-
poses of this study, the Saginaw confining unit was
assumed to hydraulically isolate the Saginaw aquifer
from deeper aquifers.

Ground-Water Levels and Flow

The hydraulic head at a point in an aquifer can
be estimated by measuring the depth to water in a well
that is open only to that point in the aquifer. Ground-
water levels in wells screened across the water surface
indicate the position of the water table; wells tapping
deeper parts of an aquifer indicate the composite
hydraulic head over the screened or open interval.

6 Simulation of Ground-Water Flow in the Saginaw Aquifer, Clinton, Eaton, and Ingham Counties, Michigan









In unconfined aquifers, estimates of water-table alti- Quality, written commun., 1993), data for 805 water-
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cally connected lakes or perennial streams. In the Tri- perennial stream channels posted on 7.5-minute topo-
County region, data for 2,932 wells contained in the graphic maps, and 130 measurements from observa-
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The accuracy of the particle-tracking results are
limited by the accuracy of the flow model, the esti-
mates of the effective porosity of the flow system, the
linear approximation of the cell flow velocities to the
local ground-water flow velocities, and the assumption
of no dispersion. The model does not explicitly
describe flow through fractures or fissures in the rocks,
but it implicitly combines primary and secondary per-
meability components to describe average flow condi-
tions. The presence of fractures and fissures could
create large heterogeneities in local hydraulic proper-
ties and could result in large discrepancies between
simulated and actual times of travel for various con-
stituents. Particle tracking was done for the nine-
township area near the center of the model area.
Attempts to apply the results of additional particle
tracking results for wells near the boundaries of the
model area would be inappropriate. Likewise, detailed
analysis of contributing areas for a small, localized
area might not produce reliable results because of the
inability of the model to represent local flow systems.

SUMMARY

A ground-water-flow model was developed to
simulate the regional, steady-state response of the
Saginaw aquifer to major ground-water withdrawals in
the Tri-County region surrounding Lansing, Michigan.
Ground water from the Saginaw aquifer is the primary
source of water for Tri-County residents. In 1992,
more than 89 percent of the ground water withdrawn
by public systems was pumped from the Saginaw
aquifer. Aquifers in the glacial deposits and other bed-
rock units also are important ground-water sources in
some locations.

The Saginaw aquifer is in the Grand River and
Saginaw Formations of Pennsylvanian age. These for-
mations, which are primarily sandstone, range in
thickness from O to 300 ft, and are thickest in the
northern part of the Tri-County region. Glacial depos-
its, left by ice advances during late Wisconsin time
(35,000 to 10,000 years before the present), overlie the
Saginaw aquifer. These deposits range in texture from
lacustrine clay or glacial till to coarse alluvial and out-
wash deposits. The glacial deposits range in thickness
from O to 300 feet and are thickest in the northwestern
part of the Tri-County region.

Ground-water flow in the glacial deposits is
generally from south to north. The spatial variation of
recharge to the glacial deposits, which averaged

6.7 in/yr, was estimated on the basis of regional rela-
tions determined for the Lower Peninsula of Michigan
(Holtschlag, 1994). Initial estimates of the spatial vari-
ation in the horizontal and vertical hydraulic conduc-
tivities in the glacial deposits were determined on the
basis of a geostatistical analysis of lithologic data from
4,947 wells. Flow between the glacial deposits and the
Saginaw aquifer was assumed to be related to the ver-
tical hydraulic conductivity of the glacial deposits.

Ground-water flow in the Saginaw aquifer also
is primarily from south to north. Recharge to the Sagi-
naw aquifer is principally by leakage from the glacial
deposits; discharge is primarily to regional river sys-
tems, such as Maple River. The spatial variation of
transmissivity in the Saginaw aquifer was associated
with the composite thickness of sandstone units in the
Pennsylvanian rock. The Saginaw confining unit was
assumed to prevent flow of ground water between the
Saginaw aquifer and underlying units.

The ground-water-flow model developed for the
Tri-County region consists of two layers; the upper
layer represents aquifers in the glacial deposits and the
lower layer represents the Saginaw aquifer. The model
area is horizontally discretized into a grid of equally
spaced cells in 215 rows and 233 columns. Each cell is
1,320 by 1,320 ft. Constant-head and no-flow cells are
used as external boundaries for the model; constant-
head river cells and public-supply wells are primarily
used as internal boundaries.

The model was calibrated by estimating four
parameters by use of nonlinear regression. Three
parameters adjust initial estimates of the spatial
variations in aquifer hydraulic properties, and one
parameter estimates streambed conductance. After
application of the three parameters to the matrices of
initial estimates, the resulting transmissivities of the
Saginaw aquifer range from 75.7 to 3,430 ft/d;
horizontal hydraulic conductivities of the glacial
deposits range from 22.3 to 87.5 ft/d; and vertical
hydraulic conductivities of the glacial deposits range
from 4.7x10™ to 4.0x1072 ft/d. Streambed hydraulic
conductivity was estimated as 2.3 ft/d. No significant
correlation was found among estimated parameters.
However, because of nonlinearities detected by
Beale’s measure, reliable confidence intervals for
parameters could not be computed.

The regression analysis improved on initial
parameter estimates by minimizing the weighted
residuals formed as the differences between 2,791
head measurements and 35 ground-water flow

Summary 47



estimates and simulated values. Measurements were
weighted to account for differences in units of mea-
surement between heads (in feet) and flows (in cubic
feet per second), differences in the numbers of head
and flow data, and differences in accuracies among
head and flow data. Analysis of model simulation
results for 1992 pumping conditions indicate that 50
percent of simulated head values are within about 3 ft
of measured values for the upper layer and within
about 9 ft for the lower layer; 90 percent are within
about 21 ft of measured values for the upper layer and
within about 25 ft for the lower layer. Simulation
results also indicate that 50 percent of the simulated
streamflows are within about 7 ft>/s and 90 percent are
within 29 ft3/s of estimated streamflow estimates.

Three scenarios were simulated for alternative
pumping conditions projected for the year 2020. The
scenarios represent an average increase of 64 percent
over 1992 pumping withdrawals. The results show
areas where ground-water levels are expected to be
lowered from 1992 conditions if the scenarios are
implemented.

Contributing areas were delineated for public
supply wells in the Saginaw aquifer in the nine-
township area, which is near the center of the Tri-
County region. Contributing areas were delineated by
use of particle-tracking analysis. Results of flow simu-
lations under 1992 pumping conditions indicate that
these areas cover about 121 miZ. Contributing areas
for particles whose traveltimes are 40 years or less
cover about 42 miZ. An estimate of effective porosity
of 15 percent for the Saginaw aquifer and for the
glacial deposits was used in the computations.

Tritium concentrations of water from 51 wells in
the Tri-County region were used to confirm the delin-
eation of 40-year contributing areas. Tritium data indi-
cate whether sampled ground water recharged the
system before atmospheric atomic testing began in
1952. Results of tritium sampling support results of
model simulations for wells sampled throughout the
model area, the nine-township area, and during this
study. Some of the discrepancies between the results

of tritium sampling and model simulations are thought
to be associated with sampling from wells that are not
fully penetrating the aquifers and differences in sam-
pling and analytical procedures between this study and
studies done more than 10 years earlier.
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